Background: Patients with heart failure (HF) have poor health-related quality of life (HRQOL). The vast majority of patients have physical symptoms, and about 30-40% have depressive symptoms. The combined effects of physical and depressive symptoms on HRQOL have not been examined fully in HF. Purposes: To examine the combined effects of physical and depressive symptoms on HRQOL using repeated measures, controlling for covariates (i.e. age, education level, New York Heart Association (NYHA) functional class, financial status, and health perception). Methods: Patients (N = 224, 62 ± 12 years old, 67% male, 38% NYHA functional class III/IV) provided data on physical (Symptom Status Questionnaire) and depressive symptoms (Beck Depression Inventory II) at baseline and HRQOL (Minnesota Living with Heart Failure Questionnaire) at baseline and 12 months. Patients were divided into three groups based on presence of physical and depressive symptoms: a) no symptom group, b) one symptom group (dyspnea or fatigue), and c) two symptom group (physical and depressive symptoms). Repeated measures ANOVA was used to analyze the data. Results: The least squares mean scores of baseline and 12-month HRQOL differed significantly in the three groups after controlling for the covariates (26.4 vs. 36.6 vs. 53.1, respectively, all pairwise p values < 0.001). There was no time-bygroup interaction or time main effect. Conclusion: Physical and depressive symptoms have a dose-response relationship with HRQOL. Further research is needed to provide effective interventions to improve physical and depressive symptoms, in turn, HRQOL.
Introduction
Health-related quality of life (HRQOL) is considerably poorer in patients with heart failure (HF) than in patients with other chronic conditions and healthy people of similar ages. 1,2 Poor HRQOL is related to both high hospitalization and high mortality rates in this population. 3 For example, a 10-point decrement in HRQOL score has been found related to a 23-36% increase in the risk of rehospitalization Dose-dependent relationship of physical and depressive symptoms with health-related quality of life in patients with heart failure or mortality. 3 Therefore, improvement in HRQOL is important for patients with HF. 4 In patients with HF, there is a high prevalence of physical symptoms, including dyspnea and fatigue. 5, 6 Physical symptoms are associated with both hospitalizations and HRQOL in patients with HF. Approximately 92-100% of ambulatory and hospitalized patients with HF experienced dyspnea. 7 In addition, physical symptoms explained a considerable amount of the variance (32%) in HRQOL in a cross-sectional study. 5 In one study, 8 dyspnea and fatigue and their effects on functional status at baseline predicted HRQOL at 3 months. However, the unique long-term effects of physical symptoms on HRQOL have not been fully examined in patients with HF. More than 30% of patients with HF also have depressive symptoms. 9 Depressive symptoms may affect HRQOL through the effects on functional status and physical symptoms. For example, depressed patients with HF compared with non-depressed patients with HF have more limited daily activities and reduced distance in a 6-minute walk test. 10 Depressive symptoms are also associated with severe physical symptom status. 8 Both functional status and physical symptoms are important factors associating with HRQOL in patients with HF. 6, 8 Thus, physical and depressive symptoms may have a synergic effect on HRQOL in this population. Yet, the associational and long-term effects of these symptoms on HRQOL have not been fully examined. Therefore, the purpose of this study was to examine the combined associational and long-term effects of physical and depressive symptoms on HRQOL.
Methods

Design, setting, and sample
In this longitudinal study, patients with HF were recruited from the outpatient clinics at university-affiliated hospitals and community hospitals in three cities in the USA. In this study, the original purpose was to examine the relationships between body mass index, nutrition, inflammation, symptoms, and HF outcomes, including HRQOL, hospitalizations, and mortality. Inclusion criteria were the following: 1) diagnosis of HF, 2) ability to read and speak English, and 3) optimization of medical therapy (stable on current medication for two clinic visits). The diagnosis of HF was confirmed by, clinical signs and symptoms and radiographic evidence through medical record review. 11 Exclusion criteria were the following: 1) myocardial infarction within the previous 3 months, 2) severe cognitive or psychiatric problems that precluded the patient providing informed consent or answering questionnaires, and 3) valvular or postpartum HF etiology. Among 275 patients who were enrolled between December, 2004 and March, 2009, data from 51 patients were excluded: 10 patients withdrew from the study, and 41 patients did not complete the follow-up because the study was closed or had missing data. Thus, data from 224 patients were analyzed. In independent t-tests and Chi-square tests, there were no differences in age, gender, marital status, ethnicity, education level, comorbidities, left ventricular ejection fraction, etiology, and NYHA functional class between the patients who were included and excluded in this analysis.
Measures
Health-related quality of life. Health-related quality of life was defined as a patient's subjective perception of the physical, psychological, and social effects of HF on daily life. 12 The Minnesota Living with Heart Failure questionnaire was used to assess HRQOL at baseline and 12 months after enrollment. This is the most commonly used instrument to assess HRQOL in this population and has shown acceptable reliability and validity. [13] [14] [15] The instrument includes 21 items with six response options (0: no impact of HF on daily life, to 5: most negative impact of HF on daily life). The total score is calculated by summing all the ratings, and the possible scores range from 0 to 105, indicating that lower scores mean better HRQOL. This instrument has two dimensions: physical and emotional. The physical and emotional dimensions consist of eight and five items, respectively. The reliability of the instrument has been supported in several studies, with Cronbach's alphas greater than 0.70. 14, 15 Construct validity has been supported by factor analyses and the demonstration of hypothesized relationships (e.g. between HRQOL and severity of HF) in several studies. 14, 15 In the current study, Cronbach's alphas at baseline and 12 months were 0.93 and 0.95, respectively.
Physical symptoms. Physical symptoms were defined as common physical symptoms related to HF. Physical symptoms were assessed using the Symptom Status questionnaire at baseline. This instrument, a modified version of the Memorial Symptom Assessment Scale-HF assesses the frequency, severity, and distress of seven common HF symptoms: dyspnea during daytime and when lying down on the bed, fatigue, chest pain, edema, sleeping difficulty, and dizziness. 16 Patients are asked to indicate whether they have each symptom, and, if they have a symptom, they are asked to indicate the frequency, severity, and distress of the symptom. Frequency is ranked using four response options ranging from 1 (less than once per week) to 4 (nearly daily). Severity is ranked using four response options ranging from 1 (slight) to 4 (very much). Distress is ranked using five response options ranging from 0 (not at all) to 4 (very much). The total score is calculated by adding all of the ratings. The possible range is 0 to 84, and lower scores mean better physical symptom status. Reliability of the Memorial Symptom Assessment Scale-HF has been supported by Cronbach's alphas greater than 0.70. 16 Validity was supported by demonstration of the hypothesized relationship between physical symptoms and HRQOL. In the current study, Cronbach's alpha for the instrument was 0.93. In the current study, data on the presence of the most common HF symptoms (dyspnea during daytime and when lying down on the bed and fatigue) were used to divide those who had physical symptoms and those who did not. 7 Depressive symptoms. Depressive symptoms were assessed at baseline by the Beck Depression Inventory II, which assesses the severity of cognitive-affective and somatic depressive symptoms. 17, 18 The instrument includes 21 items with four response options. Total scores can range from 0 to 63: scores from 14 to 19 indicate mild depression; scores from 20 to 28, moderate depression; and scores from 29 to 63, severe depression. 18 In the current study, patients were divided into two groups: a depressive group (score ≥ 14) vs. a non-depressive group (score < 14), because the cut point indicates at least mild depressive symptoms and has been used as a cut point for depressive symptoms. 18, 19 The reliability and validity of this instrument have been supported with several populations. 17, 18 Internal consistency coefficient alphas were greater than 0.70. 18 Validity was supported by demonstration of hypothesized relationship of this instrument and an anxiety measure and factor analysis in college students. 17 Cronbach's alpha in the current study was 0.91.
Other variables. Data on sociodemographic characteristics (age, gender, marital status, ethnicity, education level, and financial status) and clinical characteristics (comorbidities, left ventricular ejection fraction, etiology, NYHA functional class, and medication) were collected using standard sociodemographic and clinical questionnaires. Ethnicity was divided into two groups: Caucasian vs. other. Financial status was defined as individuals' perceptions of their income compared with the demand and assessed using an item on the sociodemographic questionnaire. Response options were: 1) 'are comfortable'; have more than enough to make ends meet'; 2) 'have enough to make ends meet'; 3) 'do not have enough to make ends meet'. Validity was supported in our previous study by the significant relationship between financial status and event-free survival and HRQOL. 20 The Charlson Comorbidity Index was used to assess comorbidities. 21 Data on left ventricular ejection fraction, etiology, and medications were examined using the clinical questionnaire through medical record review. New York Heart Association functional class was determined by trained research associates or one of the authors through in-depth patient interviews at baseline. The validity of these instruments has been supported by testing the hypothesized relationships to HRQOL in patients with HF. 22 Health perception was defined as each individual's overall perception of his or her health status, 23 and assessed using an item from the Medical Outcomes Study SF-36. 24 Lower scores indicate better health perception. Validity of health perception was supported in our study by demonstrating the significant relationship with HRQOL. 23 Procedure. Approval from appropriate Institutional Review Boards was obtained before data collection. The trained research associates reviewed medical records to identify eligible patients based on the inclusion and exclusion criteria. Written informed consent was obtained from all participants before data collection by the trained research associates or one of the authors. After the consent process, one of the research team members collected baseline data on physical and depressive symptoms, the covariates, baseline HRQOL, and other demographic and clinical characteristics using questionnaires, patient interview, and medical record review. Data on 12-month HRQOL were collected by phone interview with patients.
Data analysis
Patients were divided into three groups based on the presence or absence of physical and depressive symptoms. The three groups were a no symptom group (no physical symptoms and depressive symptoms), a one symptom group (presence of any type of dyspnea or fatigue), and a two symptom group. There was no fourth group of depressive symptoms only because those who had depressive symptoms also had physical symptoms.
Quantitative data analyses were performed on bivariate and multivariate levels. Initially, differences among study participants' key demographic characteristics and baseline clinical characteristics between the three groups were assessed using appropriate bivariate analyses such as chisquare, analysis of variance (ANOVA), or Kruskal-Wallis.
To test the overall difference between groups, we compared changes in HRQOL among the three groups from baseline to 12-months follow-up. To account for the repeated measurements from each study participant, repeated measures ANOVA was used. The time and group-by-time interactions were included as fixed effects in the model to evaluate how the group means changed from baseline to 12-months follow-up, and how differences between group means changed over time. Various covariance structures were compared among the different repeated ANOVA models based on graphical tools and information criteria such as the restricted maximum likelihood ratio test, the Akaike information criterion, and the Schwarz's Bayesian information criterion. To obtain the most parsimonious model, key sociodemographic and/or clinical variables were included as fixed effects if they were statistically significant at the bivariate baseline analysis level across the three group conditions. All statistical tests were two-tailed with p < 0.05 considered statistically significant.
Covariates that are related to HRQOL in the current study were selected based on a tested model and previous literature. In the tested model, 23 age, health perception, and symptoms were related to HRQOL. Age and health perception were used as covariates in the current study. In addition, other variables, including education level, functional status, and financial status were selected as covariates based on prior research. 16, 25, 26 Results Twenty-seven percent of patients reported at least mild depressive symptoms (Beck Depression Inventory score ≥ 14). The majority of the patients were categorized in the one symptom group (n = 138, 62%) followed by the two symptom group (n = 61, 27%) and the no symptom group (n = 25, 11%). Both sample demographic and clinical characteristics are presented in Table 1 . The average age of the patients was 62 (Standard deviation: +/-12) years old with approximately 67% males. Additionally, the majority were Caucasian. Among the patient characteristics at baseline, age, education level, financial status, NYHA functional class, and health perception significantly differed across the three symptom groups. The two symptom group compared with the other groups was younger and less educated, had more financial difficulties, experienced more functional impairment, and had poor health perception.
The repeated measures ANOVA was used to address basically three questions: how group means differ (i.e. group main effect), how group means change with time (i.e. time main effect), and how differences between group means change over time (i.e. time-by-group interaction). 27 To control for baseline differences in age, education level, financial status, NYHA functional class, and health perception, these characteristics were included in the longitudinal mixed model as fixed effects. As shown in Figure 1 , the analysis resulted in no time-by-group interaction or time main effect. However, group means differ even after adjusting for the other covariates in the model (p < 0.001). More specifically, the least squares mean for the no symptom group was statistically lowest among the three groups (26.4), indicating the best HRQOL among the three groups. The least squares mean difference between the no symptoms and one symptom groups was 10.2. Moreover, there was a statistical difference among the one symptom and two symptom groups with a least squares mean difference of 16.5 (36.6 vs. 53.1) (p < 0.001). We note that in the repeated measures model the only covariate which remained statistically significant was health perception (p < 0.001). 
Discussion
The findings of the current study demonstrated the dosedependent relationships of physical and depressive symptoms on HRQOL in patients with HF. The HRQOL scores in the three groups significantly differed, even after control covariates. The least squares mean scores indicate that more symptoms were connected to more reduction of HRQOL status. This dose-dependent relationship of physical and depressive symptoms on HRQOL clearly shows the significant effects of depressive symptoms as well as physical symptoms on HRQOL in patients with HF. However, depressed patients with HF are not fully recognized and treated. 28, 29 Furthermore, not many HF interventions have been focused on managing both physical and depressive symptoms. 30, 31 Thus, clinicians who work with HF patients need to assess and manage not only physical symptoms but also depressive symptoms to improve HRQOL. In addition, researchers and clinicians need to develop and deliver comprehensive interventions targeting both physical and depressive symptoms to patients with HF. The current study demonstrated the long-term consistent relationships of physical and depressive symptoms to HRQOL in patients with HF. Prior studies have examined either the relationships between physical symptoms and HRQOL or the relationships between depressive symptoms and HRQOL in patients with HF, but not the combined longterm effects on HRQOL. In several cross-sectional studies, 5, 6, 16 physical symptoms were associated with HRQOL regardless of the measures used (frequency and severity, number of symptoms, or symptom burden). One of our previous studies found a short-term (3 month) predictive effect of physical symptoms on HRQOL. 8 Symptom status in the study was measured by Dyspnea-Fatigue Index, which reflects not only the symptom status but also the effects on functional status. The significance of depressive symptoms on HRQOL in the current study was consistent with the findings in previous studies. 9, 32 The current study showed the unique long-term effects of physical symptoms on HRQOL as well as the combined effects with depressive symptoms on HRQOL.
Physical symptoms may affect HRQOL directly and also via the effects on functional status, which is one important factor associating with HRQOL in patients with HF. 6, 16 Depressive symptoms may affect HRQOL directly and via the effects on functional status and also symptoms. For instance, daily activities and walking distance were more reduced in depressed patients with HF compared with nondepressed patients. 10 In addition, the symptom status was more severe in more depressed patients compared with less depressed patients. 5, 8 This may explain why the least squares mean difference between the one and two symptom groups was bigger than that between the no and one symptom groups (16.5 vs. 10.2) . This also may explain why the two symptom group experienced the worst HRQOL among the three groups.
In the current study, HRQOL score in each group did not change over time. In the one symptom and two symptom groups, baseline HRQOL was poor, especially in the two symptom group, and the poor HRQOL status remained over time. In the current study, those patients who did not have optimized medications were excluded. As a result, patients who had a relatively stable condition were included. The findings of the current study are consistent with the finding of a prior study of patients admitted for HF, in which HRQOL was improved in the first month after discharge from hospital, but was unchanged after that. 33 This fact is important in this population because improvement in HRQOL is as important as longer survival in patients with HF. 4 No changes in HRQOL despite treatment may imply that the treatment of physical and depressive symptoms was not effective enough to improve HRQOL over time in this sample. We did not measure physical and depressive symptoms at 12 months, so changes in symptoms in this sample between baseline and 12 months cannot be known. However, no improvement in HRQOL scores between baseline and 12-months in the one and two symptom groups suggests that more effective interventions need to be provided to improve HRQOL in patients with HF.
Some intervention studies have targeted improvement of both physical and depressive symptoms and have demonstrated positive effects. For example, a mindfulness-based psycho-educational support group intervention, 30 and a home-based comprehensive management program decreased depressive symptoms and improved physical symptoms. 31 In the mindfulness-based psycho-educational support group intervention, 30 mindfulness-based stress reduction, coping skills training, and expressive support group discussion were provided. Clearly, to improve physical and depressive symptom status, and, in turn, HRQOL, we need to focus on comprehensive self-care, including psychosocial support. In addition, researchers need to determine whether improvement in physical and depressive symptoms results in improvement in HRQOL.
Comprehensive interventions have to be provided especially to HF patients who have both physical and depressive symptoms. In the current study, the two symptom group compared with the other two groups was younger, received less education, and had more financial difficulties and poorer health perception. The reason for younger age in the two symptom group compared with the other two groups is depressive symptoms. If age has been associated with depressive symptoms, younger age was associated with more severe depressive symptoms in patients with cardiac diseases, including HF. 34, 35 Younger age was also associated with poor HRQOL. 36 Younger people may have more psychological distress due to HF because it is difficult for them to fulfill their various responsibilities for their family and to participate in social activities that their peers usually can do, and that they used to do. This psychological distress in younger patients may be related to depressive symptoms and the worst HRQOL in the two symptom group. Thus, clinicians need to assess and manage depressive symptoms in relatively young HF patients. Poor social status was connected to depressive symptoms in the current study, and it is also associated with poor event-free survival. 20 Thus, clinicians need to work with these patients more closely to reduce medical cost and provide information about available social support. For example, physicians or nurses can prescribe medication that is cheaper than other medications, but has similar effects. The two symptom group had poor health perception that was the only covariate that predicted HRQOL in the current study. Health perception was also associated with HRQOL in a prior HF study. 23 Thus, more studies are needed to assess factors affecting health perception and to develop interventions targeting improvement in health perception.
There are some limitations in this study. Physical and depressive symptoms were assessed based on self-report. Thus, the actual physical and depressive symptom status may be different from the status reported in the current study. The mean age of the sample in the current study was relatively young. In older patients with HF, symptom status and the effects on HRQOL may differ from those reported in the current study. Nonetheless, the findings of this study provide important information about the combined longterm effects of physical and depressive symptoms on HRQOL in patients with HF.
Conclusion
Physical and depressive symptoms have a dose-response relationship with HRQOL. Thus, clinicians need to assess and treat depressive symptoms as well as physical symptoms to improve HRQOL effectively. Clinicians and researchers need to develop and deliver interventions focused on improvement in both physical and depressive symptoms to improve HRQOL. Researchers need to examine whether improvement in physical and depressive symptoms results in in improvement in HRQOL in patients with HF.
